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This application is a continuation-in-part of u S 
Serial No. 07/590,219, filed on September 28, 1990. 

BACKGROTTttn 0F TWF TNVENTTON 

This invention relates generally to recombinant 
expression of heteromeric receptors and, more particularly 
to expression of such receptors on the surface of 
filamentous bacteriophage. 

Antibodies are heteromeric receptors generated bv a 
vertebrates organism's immune system which bind to * an 
antigen. The molecules are composed of two heavy and two 
light chains disulfide bonded together. Antibodies have 
the appearance of a «Y» - shaped structure and the antigen 
binding portion being located at the end of both short arms 
of the Y. The region on the heavy and light chain 
polypeptides which corresponds to the antigen binding 
portion is known as variable region. The differences 
between antibodies within this region are primarily 
responsible for the variation in binding specificities 
between antibody molecules. The binding specificities are 
a composite of the antigen interactions with both heavy and 
light chain polypeptides. 

The immune system has the capability of generating an 
almost infinite number of different antibodies. Such a 
large diversity is generated primarily through 
recombination to form the variable regions of each chain 
and through differential pairing of heavy and light chains. 
The ability to mimic the natural immune system and generate 
antibodies that bind to any desired molecule is valuable 
because such antibodies can be used for diagnostic and 
therapeutic purposes. 

Until recently, generation of antibodies against a 
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desired molecule was accomplished only through manipulation 
of natural immune responses. Methods included classical 
immunization techniques of laboratory animals and 
monoclonal antibody production. Generation of monoclonal 
antibodies is laborious and time consuming. It involves a 
series of different techniques and is only performed on 
animal cells. Animal cells have relatively long generation 
times and require extra precautions to be taken compared to 
procaryotic cells to ensure viability of the cultures. 



A method for the generation of a large repertoire of 
diverse antibody molecules in bacteria has been described, 
Huse et al . , Science, 246, 1275-1281 (1989), which is 
herein incorporated by reference. The method uses the 
bacteriophage lambda as the vector. The lambda vector is 
15 a long, linear double-stranded DNA molecule. Production of 
antibodies using this vector' involves the cloning of heavy 
and light chain populations of DNA sequences into separate 
vectors. The vectors are subsequently combined randomly to 
form a single vector which directs the coexpression of 
20 heavy and light chains to form antibody fragments. A 
disadvantage to this method is that undesired combinations 
of vector portions are brought together when generating, the 
coexpression vector. Although these undesired combinations 
do not produce viable phage, they do however, result in a 
25 significant, loss of sequences from the population and, 
therefore, a loss in diversity of the number of different 
combinations which can be obtained between heavy and light 
chains. Additionally, the size of the lambda phage gene is 
large compared to the genes that encode the antibody 
30 segments. This makes the lambda system inherently more 
difficult to manipulate as compared to other available 
vector systems. 

There thus exists a need for a method to generate 
diverse populations of heteromeric receptors which mimics' 
3 5 the natural immune system, which is fast and efficient and 



results in only desired combinations without loss of 
diversity. The present invention satisfies these needs and 
provides related advantages as well. 

SUMMARY OF THE INVENTTnw 

5 The invention relates to a plurality of cells 

containing diverse combinations of first and second DNA 
sequences encoding first and second polypeptides which form 
a heteromeric receptor, said heteromeric receptors being 
expressed on the surface of a cell, preferably one which 
10 produces filamentous bacteriophage, such as M13 . Vectors, 
cloning sysrems and methods of making and screening the 
heteromeric receptors are also provided. 

BRIEF DESCRI PTION, OF THE DRAWINGS 

Figure l is a schematic diagram of the two vectors 

15 used for surface expression library construction from heavy 
and light chain libraries. M13IX30 (Figure 1A) is the 
vector used to clone the heavy chain sequences (open box) . 
The single-headed arrow represents the Lac p/o expression 
sequences and the double-headed arrow represents the 

20 portion of M13IX30 which is to be combined with M13IX11. 
The amber stop codon and relevant restriction sites are 
also shown. M13IX11 (Figure IB) is the vector used to 
clone the light chain sequences (hatched box) . Thick lines 
represent the pseudo-wild type ( f gvill) and wild type 

25 (gVIII) gene VIII sequences. The double-headed arrow 
represents the portion of M13IX11 which is to be combined 
with M13IX30. Relevant restriction sites are also shown. 
Figure 1C shows the joining of vector population from heavy 
and light chain libraries to form the functional surface 

30 expression vector M13IXHL. Figure ID shows the generation 
of a surface expression library in a non-suppressor strain 
and the production of phage. The phage are used to infect 
a suppressor strain (Figure IE) for surface expression and 
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screening of the library. 

Figure 2 is the nucleotide sequence of M13IX30 (SEQ ID 
NO: 1). 



Figure 3 is the nucleotide sequence of M13IX11 (SEQ ID 
5 N0:2). 

Figure 4 is the nucleotide sequence of M13IX34 (SEQ ID 
NO: 3) . 

Figure 5 is the nucleotide sequence of M13IX13 (SEQ ID 
NO: 4). 
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Figure 6 is the nucleotide sequence of M13IX60 (SEQ ID 
NO: 5). 



DETAILED nF.^T pnpN OF ^ XNVFNTTOM 

This invention is directed to simple and efficient 
methods to generate a large repertoire of diverse 
15 combinations of heteromeric receptors. The method is 
advantageous in that only .proper combinations, of vector 
portions are randomly brought together for the coexpression 
of different DNA sequences without loss of population size 
or diversity. The receptors can be expressed on the 
surface of cells, such as those producing filamentous 
bacteriophage, which can be screened in large numbers. The 
nucleic acid sequences encoding the receptors be readily 
characterized because the filamentous bacteriophage produce 
single strand DNA for efficient sequencing and mutagenesis 
25 methods. The heteromeric receptors so produced are useful 
in an unlimited number of diagnostic and therapeutic 
procedures . 

In one embodiment, two populations of diverse heavy - 
(He) and light (Lc) chain sequences are synthesized by 



polymerase chain reaction (P C R) . These populations are 
cloned into separate M13 -based vector containing elements 
necessary for expression. The heavy chain vector contains 
a gene VIII (gviu, coat protein sequence so that 
o translation of the He sequences produces gVHI-Hc fusion 
proteins. The populations of two vectors are randomly 
combined such that only the vector portions containing the 
He and Lc sequences are joined into a single circular 
vector. The combined vector directs the coexuression of 
10 both He and Lc sequences for assembly of the two 
polypeptides and surface expression on M13 . A mechanism 
also exists to control the expression of gVIIl-Hc fusion 
proteins during library construction and screening. 

As used herein, the term "heteromeric receptors" 
refers to proteins composed of two or more subunits which 
together exhibit binding activity toward particular 
molecule. it is understood that the term includes the 
subunit fragments so long as assembly of the polypeptides 
and function of the assembled complex is retained. 
Heteromeric subunits include, for example, antibodies and 
fragments thereof such as Fab and (Fab) 2 portions, T cell 
receptors, integrins, hormone receptors and transmitter 
receptors. 
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As used herein, the term "preselected molecule" refers 
to a molecule which is chosen from a number of choices. 
The molecule can be, for example, a protein or peptide, or 
an organic molecule such as a drug. Benzcdiazapam is a 
specific example of a preselected molecule. 

As used herein, the term "coexpression" refers to the 
expression of two or more nucleic acid sequences usually 
expressed as separate polypeptides. For heteromeric 
receptors, the coexpressed polypeptides assemble to form 
the heteromer. Therefore, "expression elements" as used 
herein, refers to sequences necessary for the 
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transcription, translation, regulation and sorring of the 
expressed polypeptides which make up the heteromeric 
receptors. The term also includes the expression of two 
subunit polypeptides which are linked but are able to 
assemble into a heteromeric receptor." a specific examole 
of coexpression of linked polypeptides is where He and Lc 
polypeptides are expressed with a flexible peptide or 
polypepride linker joining the two subunits into a single 
chain. The linker is flexible enough to allow association 
of He and Lc portions into a functional Fab fragment. 



The invention provides for a composition of matter 
comprising a plurality of procaryotic cells containing 
diverse combinations of first and second DNA sequences 
encoding first and second polypeptides which form a 
15 heteromeric receptor exhibiting binding activity toward a 
preselected molecule, said heteromeric receptors being 
expressed on the surface of filamentous bacteriophage. 

DNA sequences encoding the polypeptides of 

heteromeric receptors are obtained by methods known to one 

2 0 skilled in the art. such methods include, for example, 

cDNA synthesis and polymerase chain reaction (PCR) . * The 
need will determine which method or combinations of methods 
is to be used to obtain the desired populations of 
sequences. Expression can be performed in any compatible 
25 vector/host system. Such systems include, for example, 
plasmas or phagemids in procaryotes such as E. coli . yeast 
systems and other eucaryotic systems such as mammalian 
cells, but will be described herein in context with its 
presently preferred embodiment, i.e. expression on the 

3 0 surface of filamentous bacteriophage. Filamentous 

bacteriophage include, for example, M 13, fl and fd. 
Additionally, the heteromeric receptors can also be 
expressed in soluble or secreted form depending on the need 
and the vector/host system employed. 
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Expression of heteromeric receptors such as antibodies 
or functional fragments thereof on the surface of M13 can 
be accomplished, for example, using the vector system shown 
m Figure 1. Construction of the vectors enabling one of 
ordinary skill to make them are explicitly set out in 
Example I. The complete nucleotide sequences are given in 
Figures 2 and 3 (SEQ id NOS: 1 and 2). This system 
produces randomly combined populations of heavy (He) and 
light (Lc) chain antibody fragments functionally linked to 
expression elements. The He polypeptide is produced as a 
fusion protein with the M13 coat protein encoded by gene 
VIII. The gVIH-Hc fusion protein therefore anchors the 
assembled He and Lc polypeptides on the surface of M13 . 
The diversity of He and Lc combinations obtained by this 
system can be 5 x 10 7 or greater. Diversity of less than 5 
x 10 can also be obtained, and will be determined by the 
need and type of heteromeric receptor to be expressed. 

Populations of He and Lc encoding sequences to be 
combined into a vector for coexpression are each cloned 
into separate vectors. For the vectors shown in Figure 1, 
diverse populations of sequences encoding He polypeptides 
are cloned into M13IX30 (SEQ ID NO: 1). Sequences encoding 
Lc polypeptides are cloned into M13IX11 (SEQ ID NO: 2). 
The populations are inserted between the Xho I-Spe I or Stu 
25 I restriction enzyme sites in M13IX30 and between the Sac 
I-Xba I or Eco RV sites in M13IX11 (Figures 1A and B, 
respectively) . 

The populations of He and Lc sequences inserted into 
the vectors can be synthesized with appropriate restriction 

3 0 recognition sequences flanking opposite ends of the 
encoding sequences but this is not necessary. The sites 
allow annealing and ligation in-frame with expression 
elements of these sequences into a double-stranded vector 
restricted with the appropriate restriction enzyme. 

35 Alternatively, and a preferred embodiment, the He and Lc 
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sequences can be inserted into the vector without 
restriction of the DNA. This method of cloning is 
beneficial because naturally encoded restriction enzyme 
sites may be present within the sequences, thus, causing 
destruction of the sequence when treated with a restriction 
enzyme. For cloning without restriction, the sequences are 
treated briefly with a 3 • to 5 ' exonuclease such as T4 DNA 
polymerase or exonuclease III. A 5 ' to 3' exonuclease will 
also accomplish the same function. The protruding 5' 
termini which remains should be complementary to single- 
stranded overhangs within the vector which remain after 
restriction at the cloning site and treatment with 
exonuclease. The exonuclease treated inserts are annealed 
with the restricted vector by methods known to one skilled 
15 in the art. The exonuclease method decreases background 
and is easier to perform. 

The vector used for He populations, M13IX30 (Figure 
1A; SEQ ID NO: l) ' contains, in addition to expression 
elements, a sequence encoding the pseudo-wild type gVIII 
product downstream and in frame with the cloning sites. 
This gene encodes the wild type M13 gVTII amino acid 
sequence but has been changed at the nucleotide level to 
reduce homologous recombination with the wild type gVIII 
contained on the same vector. The wild type gVIII is 
present to ensure that at least some functional, non-fusion 
coat protein will be produced. The inclusion of a wild 
type.^gvili therefore reduces the possibility of non-viable 
phage production and biological selection against certain 
peptide fusion proteins. Differential regulation of the 
two genes can also be used to control the relative ratio of 
the pseudo and wild type proteins. 
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Also contained downstream and in frame with the 
cloning sites is an amber stop codon. The stop codon is 
located between the inserted He sequences and the gVIII 
35 sequence and is in frame. As was the function of the wild 



type gvm, the amber stop codon also reduces biological 
selection when combining vector portions to produce 
functional surface expression vectors. This is 

accomplished by using a non-suppressor (sup. 0) host strain 
5 because the non-suppressor strains will terminate 
expression after the He sequences but before the pseudo 
gVIII sequences. Therefore, the pseudo gVIII will 
essentially never be expressed on the phage surface under 
these circumstances. Instead, only soluble He polypeptides 

10 will be produced. Expression in a non-suppressor host 
strain can be advantageously utilized when one wishes to 
produce large populations of antibody fragments. Stop 
codons other than amber, such as opal and ochre, or 
molecular switches, such as inducible repressor elements, 

15 can also be used to unlink peptide expression from surface 
expression. 

The vector used for Lc populations, M13IX11 (SEQ ID 
NO: 2), contains necessary. expression elements and cloning 
sites for the Lc sequences, Figure IB. As with M13IX30, 
upstream and in frame with the cloning sites is a leader 
sequence for sorting to the phage surface. Additionally, 
a ribosome binding site and Lac Z promoter/ operator 
elements are also present for transcription and translation 
of the DNA sequences. 
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Both vectors contain two pairs of Mlu I-Hind III 
restriction enzyme sites (Figures 1A and B) for joining 
together the He and Lc encoding sequences and their 
associated vector sequences. Mlu I and Hind III are non- 
compatible restriction sites. The two pairs are 
symmetrically orientated about the cloning site so that 
only the vector portions containing the sequences to be 
expressed are exactly combined into a single vector. The 
two pairs of sites are oriented identically with respect to 
one another on both vectors and the DNA between the two 
35 sites must be homologous enough between both vectors to 
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allow annealing. This orientation allows cleavage of each 
circular vector into two portions and combination of 
essennai component within each vector into a sinale 
circular vector where the encoded polypeptides can 'be 
coexpressed (Figure ic) . 

Any two pairs of restriction enzyme sites can be used 
so long as they are symmetrically orientated about the 
cloning site and identically orientated on both vectors. 
The sites within each pair, however, > should be non- 
identical or able to be made differentially recognized as 
a cleavage substrate. For example, the two pairs of 
restriction sites contained within the vectors shown in 
Figure i are Mlu I and Hind III. The sites 



are 
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differentially cleavable by Mlu I and Hind III 
15 respectively. one skilled in the art knows how to 
substitute alternative pairs of restriction enzyme sites 
for the Mlu I-Hind in pairs described above. Also, 
instead of two Hind III and two Mlu I sites, a Hind III and 
Not I site can be paired with a Mlu I and a Sal I site, for 
20 example. 

The combining step randomly brings together different 
He and Lc encoding sequences within the two diverse 
populations into a single vector (Figure IC; M13IXHL) . The 
vector sequences donated from each independent vector, 

25 M13IX30 and M13IX11, are necessary for production of viable 
Phage. Also, since the pseudo gVIII sequences are 
contained in M13IX30, coexpression of functional antibody 
fragments as Lc associated gVIH-Hc fusion proteins cannot 
be accomplished on the phage surface until the vector 

30 sequences are linked as shown in M13IXHL. 

The combining step is performed by restricting each 
population of He and Lc containing vectors with Mlu I and 
Hind III, respectively. The 3- termini of each restricted 
vector population is digested with a 3- to 5' exonuclease 
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!? t trt bed aD ° Ve inSarrln9 ■■*"««« -to the cloning 

sires, .he vector populations are nixed, allowed to anneal 

ana introduced into an aoprooriate host a „„„ 

-«' nost. A non-suppressor 

host ( .. lgU re ID, is pre£erably usfid du 

constrto-ion of the library to ensure ^ ^ ^ 

Phi I , a9ainSC t0 ^" ssi - - '-id" P-teins. 
Phage isolated fro, the library constructed in a' non- 
suppressor strain can he used to infect a suppressor strain 
for surface expression of antibody fragments. 

exhibit -T Sel£Cti ^ * heteromeric receptor 

exhibiting binding activity toward a preselected molecule 
fro, a population of diverse heteromeric receptors, 
comprising: (a) operationally linking to a first vector a 
first population of diverse DNA sequences encoding a 
diverse population of first polypeptides, said first vector 
having two pairs of restriction sites symmetrically 
oriented about a cloning site; ,b) operationally linking to 
a second vector a second population of diverse DNA 
sequences encoding a diverse population of second 
polypeptides, said second vector having two pairs of 
restriction sites symmetrically oriented about a cloning 
site in an identical orientation to that of the first 
vector; (c) combining the vector products of step (a) and 
(b) under conditions which allow only the operational 
combination of vector sequences containing said first and 
second DNA sequences; (d) introducing said population of 
combined vectors into a compatible host under conditions 
sufficient for expressing said population of first and 
second DNA sequences; and (e, determining the heteromeric 
receptors which bind to said preselected molecule. The 
invention also provides for determining the nucleic acid 
sequences encoding such polypeptides as well. 

Surface expression of the antibody library is 
performed in an ammer suppressor strain. As described 
above, the amber stop codon between the He sequence and the 
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gVIII sequence unlinks the two components in a non- 
suppressor strain. Isolating the phage produced from the 
non-suppressor strain and infecring a suppressor strain 
will Unk the He sequences to the gVIII seouence during 
expression (Figure IE) . Culturing the suppressor strain 
after infection allows the coexpression on the surface of 
M13 of all antibody species within the library as gVIII 
fusion proteins (gVIII-Fab fusion proteins). 
Alternatively, the DNA can be isolated from the non- 
suppressor strain and then introduced ^into a suppressor 
strain to accomplish the same effect. 



The level of expression of gVIIl-Fab fusion proteins 
can additionally be controlled at the transcriptional 
level. Both polypeptides of the gVIII-Fab fusion proteins 

15 are under the inducible control of the Lac Z 
promoter/ operator system. other inducible promoters can 
work as well and are known by one skilled in the art. For 
high levels of surface expression, the suppressor library 
is cultured in an inducer of the Lac 2 promoter such as 

20 isopropylthio-S-galactoside (IPTG) . Inducible control is 
beneficial because biological selection against non- 
functional gVIII-Fab fusion proteins can be minimized by 
culturing the library under non-expressing conditions. 
Expression can then be induced only at the time of 

25 screening to ensure that the entire population of 
antibodies within the library are accurately represented on 
the phage surface. Also, this can be used to control the 
valency of the antibody on the phage surface. 

The surface expression library is screened for 
3 0 specific Fab fragments which bind preselected molecules by 
standard affinity isolation procedures. such methods 
include, for example, panning, affinity chromatography and 
solid phase blotting procedures. Panning as described by 
Parmley and Smith, Gene 73:305-318 (1988), which is 
3 5 incorporated herein by reference, is preferred because high 
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titers of phage can be screened easily, quickly and in 
small volumes. Furthermore, this procedure can select 
minor Fab fragments species within the population, which 
otherwise would have been undetectable, and amplified to 
substantially homogenous populations. The selected Fab 
fragments can be characterized by sequencing the nucleic 
acids encoding the polypeptides after amplification of the 
phage population. 

The following examples are intended^ to illustrate but 
not limit the invention. 

gXAMPLg T 

Construction repression and Screening of 
Antibody Fragments on the Surface of Mn 

This example shows the synthesis of a diverse 
15 population of heavy (He) and light (Lc) chain antibody 
fragments and their expression on the surface of M13 as 
gene VIH-Fab fusion proteins. The expressed antibodies 
derive from the random mixing and coexpression of a He and 
Lc pair. Also demonstrated is the isolation and 
20 characterization of the expressed Fab fragments which bind 
benzodiazapam (BDP) and their corresponding nucleotide 
sequence. 

Isolation of ffl RNA anH PCP ^lifina + inn of Anti hnHy 
Fragments 

25 The surface expression library is constructed from 

mRNA isolated from a mouse that had been immunized with 
KLH-coupled benzodiazapam (BDP) . BDP was coupled to 
keyhole limpet hemocyanin (Km) using the techniques 
described in Antibodies- A Laboratory. ManuaJ Harlow and 

30 Lane, eds., Cold Spring Harbor, New York (1988), which is 
incorporated herein by reference. Briefly, 10.0 milligrams 
(mg) of keyhole limpet hemocyanin and 0.5 mg of BDP with a 
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glutaryl spacer arm N-hydroxysuccinimide linker aooendaaes. 
Coupling was performed as in Jonda et al., Science, 
241:1188 (1988), which is incorporated herein by reference. 
The KLK-3DP conjugate was removed by gel filtration 
o chromatography through Sephadex G-25." 

The KLH-BDP conjugate was prepared for injection into 
mice by adding 100 M g of the conjugate to 250 M l of 
phosphate buffered saline (PBS). An eoual volume of 
complete Freund's adjuvant was added and emulsified the 

10 entire solution for 5 minutes. Mice were injected with 300 
Ml of the emulsion. Injections were given subcutaneously 
at several sites using a 21 gauge needle. A second 
immunization with BDP was given two weeks later. This 
injection was prepared as follows: 50 M g of BDP was 

15 diluted in 250 Ml of PBS and an equal volume of alum was 
mixed with the solution. The mice were injected 
intraperitoneal^ with 500 M l of the solution using a 23 
gauge needle. One month later the mice were given a final 
injection of 50 M g of the conjugate diluted to 200 M l in 

20 PBS. This injection was given intravenously in the lateral 
tail vein using a 3 0 gauge needle. Five days after this 
final injection the mice were sacrificed and total cellular 
RNA was isolated from their spleens. 

Total RNA was isolated from the spleen of a single 
25 mouse immunized as described above by the method of 
Chomczynski and Sacchi, Anal. Bj t pcj 1 ej L , 162:156-159 (1987), 
which is incorporated herein by reference. Briefly, 
immediately after removing the spleen from the immunized 
mouse, the tissue was homogenized in 10 ml of a denaturing 
30 solution containing 4.0 M guanine isothiocyanate , 0.25 M 
sodium citrate at pH 7.0, and 0.1 M 2-mercaptoethanol using 
a glass homogenizer. one ml of sodium acetate at a 
concentration of 2 M at p H 4.0 was mixed with the 
homogenized spleen. one ml of saturated phenol was also 
35 mixed with the denaturing solution containing the 
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homogenized spleen. Two ml of a chloroform: isoamyl alcohol 
(24 :i v/v) ^ure was added to this homoaenate. The 
homogenata was m ixed vigorously for ten 'seconds and 
maxntaxned on ice for 15 minutes. The homogenate was then 
transferred to a thic*-walled 50 ml polypropylene 
centrxfuge tube (Fisher scientific Company, Pittsburgh, 
PA). The solution was centrifuged at 10,000 x g for 20 
mxnutes at 4'C. The upper RNA-containing aqueous layer was 
transferred to a fresh 50 ml polypropylene centrifuge tube 
and mxxed with an equal volume of isopropyl alcohol. This 
solutxon was maintained at -20'C for at least one hour to 
precipitate the rna. The solution containing ^ 

precipitated RNA was centrifuged at 10,000 x g for twenty 
mxnutes at 4'C. The pelleted total cellular RNA was 
collected and dissolved in 3 ml of the denaturing solution 
descrxbed above. Three mis of isopropyl alcohol was added 
to the resuspended total cellular RNA and vigorously mixed. 
Thxs solution was maintained at -20 -c for at least l hour 
to precipitate the RNA. . The solution containing the 
precipitated RNA was centrifuged at 10,000 x g for ten 
mxnutes at 4'C. The pelleted RNA was washed once with a 
solution containing 75% ethanol. The pelleted RNA was 
drxed under vacuum for 15 minutes and then resusoended in 
dimethyl pyrocarbonate (DEPC) treated (DEPC-H 2 0) H 2 0. 

Poly A + RNA for use in first strand cDNA synthesis was 
prepared from the above isolated total RNA using a spin- 
column kit (Pharmacia, Piscatavay, N J) as recommended by 
the manufacturer. The basic methodology has been described 
by Aviv and Leder, Proc. ,„. d . SfH . TTg& 69jl408 . 

1412 (1972), which is incorporated herein by reference. 
Brxefly, one half of the total RNA isolated from a single 
immunized mouse spleen prepared as described above was 
resuspended in one ml of DEPC-treated dH 2 0 and maintained at 
65 -C for five minutes. one ml of 2x high salt loading 
buffer (100 mM Tris-HCL at p« 7.5, l M sodium chloride, 2.0 
mM dxsodium ethylene diamine tetraacetic acid (EDTA) at pH 
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8.0, ana 0.2% sodium dodecyl sulfate (SDS)) was added to 
the resuspended RNA and the mixture was allowed to cool to 
room temperature. The mixture was then applied to an 
oligo-dT (Collaborative Research Type 2 or Type 3 Bedford, 
5 MA) column that was previously prepared by washing the 
oligo-dT with a solution containing o.l M sodium hydroxide 
and 5 mM EDTA and then equilibrating the column with^DEPC- 
treated dH 2 0. The eluate was collected in a sterile 
polypropylene tube and reapplied to the same column after 

10 heating the eluate for 5 minutes at 6*'C. The oligo dT 
column was then washed with 2 ml of high salt loading 
buffer consisting of 5 0 mM Tris-HCL at p H 7.5, 500 mM 
sodium chloride, 1 mM EDTA at pH 8.0 and 0.1% SDS. The 
01190 dT COlUmn was th *n washed with 2 ml of l x medium 

15 salt buffer (50 mM Tris-HCL at pH 7.5,. 100 mM sodium 
chloride, 1 mM EDTA at pH 8 . 0 and 0.1% SDS) . The mRNA was 
eluted with 1 ml of buffer consisting of 10 mM Tris-HCL at 
PH 7.5, 1 mM EDTA at P H 8.0 and 0.05% SDS. The messenger 
RNA was purified' by extracting this solution with 

20 phenol/chloroform followed by a single extraction with 100% 
chloroform, ethanol precipitated and resuspended in DEPC 
treated dH 2 0. 

In preparation for PGR amplification, mRNA was used as 
a template for cDNA synthesis. In a typical 250 M l reverse 

25 transcription reaction mixture, 5-10 M g of spleen -mRNA in 
water was first annealed with 500 ng (0.5 pmol) of either 
the V v H primer (primer 12, Table I) or the 3 • V L primer 
(primer 9, Table II) at 65'C for 5 minutes. Subsequently, 
the mixture was adjusted to contain 0.8 mM dATP, 0.8 mM 

30 dCTP, 0.8 mM dGTP, 0.8 mM dTTP, 100 mM Tris-HCL ( P H 8.6), 
10 mM Mgci 2 , 40 mM KC1, and 20 mM 2-ME. Moloney-Murine 
Leukemia virus (Bethesda Research Laboratories (BRL) , 
Gaithersburg, MD) Reverse transcriptase, 26 units, was 
added and the solution was incubated for l hour at 40 'C. 

3 5 The resultant first strand cDNA was phenol extracted, 
ethanol precipitated and then used in the polymerase chain 
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reaction (PGR) procedures described below for amplification 
of heavy and light chain sequences. 

Priners used for amplification of heavy chain Fd 
fragments for construction of the M13IX3 0 library is shown 
5 in Table I. Amplification was performed in eight separate 
reactions, as described by Saiki et al., Science, 239:487- 
491 (1988), which is incorporated herein by reference, each 
reaction containing one of the 5- primers (primers 2 to 9 ; 
SEQ ID NOS: 7 through 14, respectively) and one of the 3- 

10 primers (primer 12; SEQ ID NO: 17) listed in Table I. The 
remaining 5' primers, used for amplification in a single 
reaction, are either a degenerate primer (primer 1; SEQ ID 
NO: 6) or a primer that incorporates inosine at four 
degenerate positions (primer 10; SEQ ID NO: 15). The 

15 remaining 3- primer (primer 11; SEQ ID NO: 16) was used to 
construct Fv fragments. The underlined portion of the 5' 
primers incorporates an Xho I site and that of the 3' 
primer an Spe I restriction site for cloning the amplified 
fragments into the M13IX3 0 vector in a predetermined 

20 reading frame for expression. 



TABLE T 
HEAVY rwa.IN PPTMT-pq 



CC G G T 
AGGT A CT CTCGAGTP GG 
" GA A T A 



30 



1) 


5« 


2) 


5* 


3) 


5' 


4) 


5« 


5) 


5» 


6) 


5' 


7) 


5' 


8) 


5' 



- 7 • 



AGGTCCAGCTG CTCGAG TCTfy: - 3 

AGGTCCAGCTGCXCGA5TCAGG - 3 

AGGTCCAGCTTCT_CGAGTCTGG - 3 • 
AGGTCCAGCTT£T_£GAG_TCAGG 
AGGTCCAACTGCXCGA£TCTGG 

AGGTCCAACTGCTCGAGTCAGG - 3 

AGGTCCAACTTCTCGAGTCTGG - 3 



- 3« 
3' 

- 3' 

- 3 ' 

- 7 1 
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9 ) 5' - AGGT 



10) 



CCAACTTCTCG^GTCAGG - 3 • 

5' - AGGTIIAICTICTCGAGTC T GG - 3' 

A 

H) 5' - CTATTAACTAGTAACGGTAACAGT - 
GGTGCCTTGCCCCA - 3« 

12) 5' - AGGCTTACTAGTACAATCCCTGG - 
GCACAAT - 3 • 

ch3S ******* USed f ° r aa PHfication of mouse kappa light 

:z ~ r Tr tion of the — ^ - 

restriction sites vhicT Pri * erS Ch ° SSn '° CCWtaln 

present in \' COm P atible vector and not 

~ ITf c T erved sequences of the mouse "** 

Amplification was performed as described above in 
five separate reactions, each containing one of the 5 • 
Prxmers (primers 3 to 7 ; seq ID N0S : 20 through 2 
respectively) and one of the 3« D H, B „ , • 
NO- 26^ ^ • Primers (primer 9; SEQ ID 

«u. 26) listed m Table tt tv^ >-« • 

n Mxe iX - The remaining 3' primer 

(primer 8; SEQ id mo- ->r\ ^ 
framten , U ° N °* 25 > was u««d to construct Fv 

fragments. The underlined portion of th. s - 
depicts a t portion of the 5' primers 

J Z - ' rBSt "««" -it. and that of the 3. p riM rs 

I,' reStriCti ° n sits *» cloning of the amplified 
fragments into the unrvn 

readina f™ ! VeCt ° r in a P^etermined 
reading frame for expression. 

TABLE TJ 
LIGHT ra&T y ppTMPp c 

CCAGTTCCGAGSTCGTTGTGACTCAGGAATCT - 3' 
CCAGTTCCGA^CISGTGTTGACGCAGCCGCCC - 3 « 
CCAGTTCCGAGCTCGTGCTCACCCAGTCTCCA - 3" 
CCAGTTCCGAGCTSCAGATGACCCAGTCTCCA - 3' 
CCAGATGTGAGCTCGTGATGACCCAGACTCCA - 3' 
CCAGATGTGAG£I£GTCATGACCCAGTCTCCA - 3« 
CCAGTTCCGAG£I£GTGATGACACAGTCTCCA - 3' 
GCAGCATTCT^G^GTTTCAGCTCCAGCTTGCC - 3« 
GCGCCGTja^ATTAACACTCATTCCTGTTGAA - 3' 







1) 


5» 


2) 


5' 


3) 


5' 


4) 


5' 


5) 


5» 


«.) 


5' 


7) 


5' 


8) 


5» 


9) 


5« 
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PGR amplification for heavy and light chain fragments 
was performed in a 100 M l reaction mixture containing the 
above described products of the reverse transcription 
reaction (*5Mg of the cDNA-RNA hybrid), 300 nmol of 3 • V H 
5 primer (primer 12, Table I; SEQ ID NO: 17), and one of the 
5' V H primers (primers 2-9, Table I; SEQ ID NOS: 7 through 
14, respectively) for heavy chain amplification, or," 300 
nmol of 2- v L primer (primer 9, Table II; SEQ ID NO: 26), 
and one of the 5- v, primers (primers 3-7, Table II; SEQ ID 
10 NOS: 20 through 24, respectively) for >each light chain 
amplification, a mixture of dNTPs at 200 mM, 50 mM KC1, 10 
mM Tris-KCl ( P H 8.3), 15 mM MgCl 2 , 0.1* gelatin , and 2 units 
of Thermus aguaticus DNA polymerase. The reaction mixture 
was overlaid with mineral oil and subjected to 4 0 cycles of 
15 amplification. Each amplification cycle involved 

denaturation at 92'C for 1 minute, annealing at 52'C for 2 
minutes, and elongation at 72'C for 1.5 minutes. The 
amplified samples were extracted twice with phenol/CHCl 3 and 
once with CHC1 3 , ethanol-precipitated, and stored at -70'C 
m 10 mM Tris-HCl, pH 7.5 l mM EDTA. The resultant 
products were used in constructing the M13IX3 0 and M13IX11 
libraries (see below) . 

Vector nnnc tract inn 

Two M13 -based vectors, M13IX30 (SEQ ID NO: 1) and 
25 M13IX11 (SEQ ID NO: 2 > , were constructed for the cloning 
and Propagation of He and Lc populations of antibody 
fragments, respectively. The vectors were constructed to 
facilitate the random joining and subsequent surface 
expression of antibody fragment populations. 

30 M13IX30 (SEQ 1D N0: 1} , or ^ Hc vectorf was 

constructed to harbor diverse populations of He antibody 
fragments. M13m P i9 (Pharmacia, Piscataway, NJ) was the 
starting vector. This vector was modified to contain, in 
addition to the encoded wild type M13 gene VIII: (l) a 
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pseudo-wild type gene VIII sequence with an amber stop 
codon between it and the restriction sites for cloning 
oligonucleotides; (2) stu I restriction site for insertion 
of sequences by hybridization and, Spe I and Xho I 
5 restriction sites in-frame with the pseudo-wild type gene 
VIII for cloning He sequences; (3) sequences necessary for 
expression, such as a promoter, signal seouence' and 
translation initiation signals; (4) two pairs of Hind III- 
Mlu I sites for random joining of He and Lc vector 
10 portions, and (5) various other mutations to remove 
redundant restriction sites and the amino terminal portion 
of Lac Z. 



15 
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Construction of M13IX3 0 was performed in four steps, 
in the first step, an M13 -based vector containing the 
pseudo gVIII and various other mutations was constructed, 
M13IX01F. The second step involved the construction of a 
small cloning site in a separate M13mpl8 vector to yield 
M13IX03. This vector was then expanded to contain 
expression sequences and restriction sites for He sequences 
to form M13IX04B. The fourth and final step involved the 
incorporation of the newly constructed sequences in 
M13IX04B into M13IX01F to yield M13IX30. 

Construction of M13IX01F first involved the generation 
of a pseudo wild-type gVIII sequence for surface expression 

25 of antibody fragments. The pseudo-wild type gene encodes 
the identical amino acid sequence as that of the wild type 
gene; however, the nucleotide sequence has been altered so 
that only 63% identity exists between this gene and the 
encoded wild type gene vill. Modification of the gene VIII 

3 0 nucleotide sequence used for surface expression reduces the 
possibility of homologous recombination with the wild type 
gene VIII contained on the same vector. Additionally, the 
wild type M13 gene Vin was retained in the vector system 
to ensure that at least some functional, non-fusion coat 

3 5 protein would be produced. The inclusion of wild type gene 
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VIII facilitates the growth of phage under conditions where 
there is surface expression of the poiypeotides and 
therefore reduces the possibility of non-viable phage 
production from the fusion genes. 

The pseudo-wild type gene VIII was constructed by 
chemically synthesizing a series of oligonucleotides which 
encode both strands of the gene. The oligonucleotides are 
presented in Table in. 



X 
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TABLE TTT 



Pseudo-wild Type n ffl P VTTI Oligonucle otide Series 



Top Strand 
Oliaonn cleotidpc; 



VIII 03 

VIII 04 

VIII 05 
VIII 06 
VIII 07 



Bottom Strand 
Oligonucleotides 



Sequence (5' tr> i') 

GATCC TAG GCT GAA GGC 
GAT GAC CCT GCT AAG GCT 
GC 

A TTC AAT AGT TTA CAG 
GCA AGT GCT ACT GAG TAC 
A 

TT GGC TAC GCT TGG GCT 
ATG GTA GTA GTT ATA GTT 
GGT GCT ACC ATA GGG ATT 
AAA TTA TTC AAA AAG TT 
T ACG AGC AAG GCT TCT 
TA 



VIII 08 

VIII 09 
VIII 10 
VIII 11 
VIII 12 



AGC TTA AGA AGC 
CGT AAA CTT TTT 
TTT 

AAT CCC TAT GGT 
AAC TAT AAC TAC 
AGC CCA AGC GTA 
GTA CTC AGT AGC 
C CTG TAA ACT 
TGC AGC CTT AGC 
ATC GCC TTC AGC 



CTT GCT 
GAA TAA 

AGC ACC 
TAC CAT 
GCC AAT 
ACT TG 
ATT GAA 
AGG GTC 
CTA G 



Except for the terminal oligonucleotides VIII 03 (SEQ 
ID NO: 27) and VIII 08 (SEQ ID NO: 32), the above 
oligonucleotides (oligonucleotides VIII 04-07 (SEQ ID NOS: 
28 through 31, respectively) and VIII 09-12 (SEQ ID NOS: 33 
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25 
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through 36, respectively)) were mixed at 200 ng each in 
Ml final volume, phosphorylated with T4 polynucleotide 
Kinase (Pharmacia) and 1 mM ATP at 37'C for 1 hour, heated 
to 7 0 -c for 5 minutes, and annealed into double-stranded 
form by hearing to 65 'C for 3 minutes", followed by cooling 
to room temperature over a period of 30 minutes. The 
reactions were treated with 1.0 IT of T4 DNA ligase \BRL) 
and l mM ATP at room temperature for 1 hour, followed by 
heating to 70 'C for 5 minutes. Terminal oligonucleotides 
were then annealed to the ligated oligonucleotides. The 
annealed and ligated oligonucleotides yielded a double- 
stranded DNA flanked by a Bam HI site at its 5- end and by 
a Hind III site at its 3' end. A translational stop codon 
(amber) immediately follows the Bam HI site. The gene VIII 
sequence begins with the codon GAA (Glu) two codons 3« to 
the stop codon. The double-stranded insert was cloned in 
frame with the Eco Rl and Sac I sites within the M13 
polylinker. To do so, M13mpl9 was digested with Bam HI 
(New England Biolabs, Beverley, MA) and Hind III (New 
England Biolabs) and combined at a molar ratio of 1:10 with 
the double-stranded insert. The ligations were performed 
at room temperature overnight in IX ligase buffer (50 mM 
Tris-HCl, P H 7.8, 10 mM MgCl 2 , 20 mM DTT, 1 mM ATP, 50 ng/ml 
BSA) containing 1.0 U of T4 DNA ligase (New England 
Biolabs^ . The ligation mixture was transformed into a host 
and screened for positive clones using standard procedures 
in the art. 
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Several mutations were generated within the construct 
to yield functional M13IX01F. The mutations were generated 
using the method of Kunkel et al., Meth. Enzymol. 154:367- 
382 (1987), which is incorporated herein by reference, for 
site-directed mutagenesis. The reagents, strains and 
protocols were obtained from a Bio Rad Mutagenesis kit (Bio 
Rad, Richmond, CA) and mutagenesis was performed as 
35 recommended by the manufacturer. 



Two Fok I sites were removed from the vector as well 
as the Hind III site at the end of the pseudo gene VIII 
sequence using the mutant oligonucleotides 5«- 
CATTTTTGCAGATGGCTTAGA-3 • (SEQ ID NO: 37) and 5'- 
TAGCATTAACGTCCAATA-3 • (SEQ ID NO: 38). New Hind III and 
Mlu I sites were also introduced at position 3919 and 3951 
of M13IX01F. The oligonucleotides used for * this 

mutagenesis had the sequences 5 '- 
ATATATTTTAGTAAGCTTCATCTTCT-3 • (SEQ ID NO: 39) and 5'- 
GACAAAGAACGCGTGAAAACTTT-3 ' (SEQ ID NO: 40), respectively 
The amino terminal portion of Lac 2 was deleted by 
oligonucleotide-directed mutagenesis using the mutant 
oligonucleotide 5 • -GCGGGCCTCTTCGCTATTGCTTAAGAAGCCTTGCT-3 • 
(SEQ ID NO: 41). m constructing the above mutations, all 
changes made in a M13 coding region were performed such 
that the amino acid sequence remained unaltered. The 
resultant vector, M13IX01F, was used in the final step to 
construct Ml 3 1X30 (see below) . 

In the second step, M13mpl8 was mutated to remove the 
5' end of Lac Z up to the Lac i binding site and including 
the Lac Z ribosome binding site and start codon. 
Additionally, the polylinker was removed and a Mlu I site 
was introduced in the coding region of Lac Z. A single 
oligonucleotide was used for these mutagenesis and had the 
sequence 5 • -AAACGACGGCCAGTGCCAAGTGACGCGTGTGAAATTGTTATCC-3 • 
(SEQ ID NO: 42) . Restriction enzyme sites for Hind III and 
Eco RI were introduced downstream of the Mlu I site using 
the oligonucleotide 5 • -GGCGAAAGGGAATTCTGCAAGGCGATTAAGCTTGGG 
TAACGCC-3. (SEQ ID NO. 43) . These modifications of M13m P 18 
yielded the precursor vector M13IX03. 

The expression sequences and cloning sites were 
introduced into M13IX03 by chemically synthesizing a series 
of oligonucleotides which encode both strands of the 
desired sequence. The oligonucleotides are presented in" 
Table IV. 



TABLE TV 
31X30 Oligonucleotide 



10 



Top Strand 
OliaonucleoriHgg 

084 

027 

028 

029 



Secruencp [5J to 3-') 

GGCGTTACCCAAGCTTTGTACATGGAGAAAATAAAG 
?AC^?^ GCACTATTGCACTGGCACTCTTACCGT 



15 



20 



Bottom 

Oliaonucleoti ri^g 
085 
031 

032 

033 



Sequen ce f5' t-n t») 

i 

TGGCGAAAGGGAATTCGGATCCACTAGTACAATCCCTG 
GGCACAATAGGCCTGACTCGAGCAGCTGGACCAGGGCG 

TTGTCACAGGGGTAAACAGTAACGGTAACGGTAAGTGT 

GTGCAATAGTGCTTTGTTTCACTTTATTTTCTCCATGT 
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The above oligonucleotides of Table IV, except for the 
terminal oUgonucleotides 084 (SEQ ID NO: 44) and 035 (SEQ 
ID NO: 48), were mixed, phosphorylated, annealed and 
ligated to ton. a double-stranded insert as desoribed in 
Example I. However, instead of cloning directly into the. 
intermediate vector the insert was first amplified by PCR. 
The terainal oligonucleotides were used as primers for PCR. 
Oligonucleotide 084 (SEQ ID N0: 44) contains , Hlnd m 
site, io nucleotides internal to its 5' end and 
30 oligonucleotide 085 (SEQ ID NO: 48, has an Eco RI site at 
its 5 end. Following amplification, the products were 
restricted with Hind m and Eco R1 and ligatea> „. 
desoribed in Sample I, into the polylinker o£ ■ 
digested with the same two enzymes. The resultant double 
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stranded insert contained a ribosome binding site, 
translation initiation codon followed by a leader sequence 
and three restriction enzyme sites for cloning random 
oligonucleotides (Xho I, stu I, Spe I). The intermediate 
5 vector was named M13IX04. 

During cloning of the double-stranded insert, it was 
found that one of the GCC codons in oligonucleotides 028 
and its complement in 031 was deleted. Since this deletion 
did not affect function, the final construct is missing one 
of the two GCC codons. Additionally, oligonucleotide 032 
(SEQ ID NO: 50) contained a GTG codon where a GAG codon was 
needed. Mutagenesis was performed using the 

oligonucleotide 5' -TAACGGTAAGAGTGCCAGTGC-3 • (SEQ ID NO: 52) 
to convert the codon to the desired sequence. The 
15 resultant vector is named M13IX04B. 

The third step in constructing M13IX3 0 involved 
inserting the expression and cloning sequences from 
M13IX04B upstream of the pseudo wild-type gVIII in 
M13IX01F. This was accomplished by digesting M13IX04B with 
Dra III and Bam HI and gel isolating the 700 base pair 
insert containing the sequences of interest. M13IX01F was 
likewise digested with Dra III and Bam HI. The insert was 
combined with the double digested vector at a molar ratio 
of 1:1 and ligated as described in Example I. The sequence 
25 of the final construct M13IX30, is shown in Figure 2 (SEQ 
ID NO: l) . Figure 1A also shows M13IX30 where each of the 
elements necessary for surface expression of He fragments 
is marked, it should be noted during modification of the 
vectors, certain sequences differed from the published 
sequence of M13mpi8. The new sequences are incorporated 
into the sequences recorded herein. 
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M13IX11 (SEQ id NO: 2), or the Lc vector, was 
constructed to harbor diverse populations of Lc antibody 
fragments. This vector was also constructed from M13mpl9 
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and contains: (1) sequences necessary for expression, such 
as a promoter, signal sequence and translation initiation 
signals; (2) Eco Rv res triction site for insertion of 
sequences by hybridization and Sac I and Xba I restriction 
sites for cloning of Lc sequences; (3) two pairs of Hind 
III-Mlu I sites for random joining of He and Lc vector 
portions, and (4) various other mutation to remove 
redundant restriction sites. 

The expression, translation initiation signals 
cloning sites, and one of the Mlu I sites were constructed 
by annealing of overlapping oligonucleotides as described 
above to produce a double-stranded insert containing a 5- 
Eco ri site and a 3- Hind in site . The overlapping 
oligonucleotides are shown in Table V and were ligated as 
a double-stranded insert between the Eco RI and Hind III 
sxtes of M13m P 18 as described for the expression sequences 
inserted into M13IX03. The ribosome binding site (AGGAGAC) 
is located in oligonucleotide 015 and the translation 
initiation codon (ATG) is the first three nucleotides of 
oligonucleotide 016 (SEQ ID NO: 55). 
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TABLE V 



OliqonuclPntiriP <?ori ns for Const ructionlof 
Translation sig nals in'ki3TYn 

QUqonuclPoti^ Sequent ^ ^ 



082 

015 
016 

017 

018 

019 
083 

021 
022 
023 



CACC TTCATG AATTC GGC AAG 
GAGACA GTCAT 

AATT C GCC AAG GAG ACA GTC AT 
AATG AAA TAC CTA TTG CCT ACG 
GCA GCC GCT GGA TTG TT 
ATTA CTC GCT GCC CAA CCA GCC 
ATG GCC GAG CTC GTG AT 
GACC CAG ACT CCA GATATC CAA 
CAG GAA TGA GTG TTA AT 
TCT AGA ACG CGT C 
TTCAGGTTGAAGC TTA CGC GTT 
CTA GAA TTA ACA CTC ATT 
CCTGT 

TG GAT ATC TGG AGT CTG GGT 
CAT CAC GAG CTC GGC CAT G 
GC TGG TTG GGC AGC GAG TAA 
TAA CAA TCC AGC GGC TGC C 
GT AGG CAA TAG GTA TTT CAT 
TAT GAC TGT CCT TGG CG 

Oligonucleotide 017 (SEQ id NO: 56) contained a Sac I 
restriction site 67 nucleotides downstream from the ATG 
codon. The naturally occurring Eco Ri site was removed and 
new Eco ri and H ind III sites were introduced downstream 
from the sac i. Oligonucleotides 5«- 

TGACTGTCTCCTTGGCGTGTGAAATTGTTA--3 • (SEQ ID NO: 63) and 5- 
TAACACTCATTCCGGATGGAATTCTGGAGTCTGGGT-3 * (SEQ ID NO* 64) 
were used to generate each of the mutations, respectively. " 
The Lac z ribosome binding site was removed when the 
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when the new Eco « and „ ind m sites ^ era 
spontaneous 100 bp deletion was found just to ^ 
s lt .s Since the deletion does not affect the function, it 
5 was retained in the finai vector. 

mediae T itl0n " ^ ab ° Ve BUt " ibns > a "»iety o, other 
modifications were made to incorporate or remove certain 
sequences. The Hind III site used to iigate the double- 

stranded insert was removed with t-h a «i < 

vea wirn olxgonucleotide 5'- 

10 GGGACTGGGAAGTGACGGGTTCTA-3. <SE Q IOHO= „, . Second „L 
III and Mlu I sites were introduced at positions 3922 and 
3552, respectively, using the oligonucleotides 5-- 
ATATATTTTAGTAAGCTTCATCTTCT-3 • (SEQ ID NO: 66, for the Hind 
III mutagenesis and S •-GACAAAGAACGCGTCAAAACTTT-3 • ( SE Q in 

IS HO: 67, for the Mlu ! mutagenesis. Again, mutations within 
the coding region did not alter the amino acid sequence. 

The sequence of the resultant vector, M13IX11, is 
shown in Figure 3 (SEQ in no- ->\ w< 

M1 , TV ,, w K U ID NO ' 2 >- Figure IB also shows 

M13IX11 where each of the elements necessary for producing 
20 a surface expression library between Lc fragments is 
marJced. 



Library rnn stroctinn 

• > " — 

Each population of He and Lc sequences synthesized by 
PGR above are separately cloned into M13IX30 and H13IX11, 
25 respectiveiy, to create He and Lc libraries. 

The He and Lc products (5 ^g) are mixed, ethanol 
precipitated and resuspended in 20 „1 of HaOAe buffer (33 
mM Tris acetate, p H 7. 9 , 10 m Hg-.eetate, 66 „, K -a=etate, 
30 « TS' ^^ ve oj'its of T4 DHA polymerase is added and 
30 the reactions incubated at 30-c for 5 minutes to remove >. 
termini by exonuclease digestion. Reactions are stopped by 
heating at ,o-c for 5 minutes. K13IX30 is digested with 
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10 



15 



25 



30 



35 



ratio at 10 ng/ul to a „„ , • a 1:1 molar 

ng /M i to anneal m the above buffer at r««™ 
temperature overnight. DNA from" each * 
electroporated into MK30 i rn h annealing is 

as described below To ll ^"-polis, IN) , 

* below, to generate the He and Lc libraries. 

by • reference. The cells are "«*P°"tea herein 

fresh colony o, MK30- 3 into 7 , '"^ ** • 
(20 g bacto-tryptone 5 ! ba ^ °' 

Had, 0.IS6 5 ^„ Jo r aCt0 " yeaSt 0.5.4 , 

vigorous aeratiof 2 * 1S> and 9 r °"" 

ana grown with vigorous J£«* 

0.8 (about 2 to 3 h . 6 0D5 « 13 

-ntrifugation at ,,2'^,^ ™ "V 
(Sorvall, Hewtown, CT) at 4-c for r 0 " * ^ 

- -0 01 of ice-La 1 / ;;; n «::i;. r T p,n r 

centrifuge* and resuspended a second ti» in The ' 
-nner. A f t er a mM centrifugetion the C e^ls « 
resuspended in 10% star-Mo ~i 

about 2 «, u 6rile glycerol at a final volume of 

acout 2 ml, such that the on 4-t, 

300. Usuallv ™ " 0 6 sus P ens i°n was 200 to 

supemate. Cells ate °„ , " •*«*»» °« «*. 
Microcentrifuge <L. 1™ , 4 ° tfl all9U ° t8 10 
store, frozen at It" ' ** 1 "~ *>»»<* and 

Richnond caT and 7 ele «"P««io„ chamber (Bio-Rad, 

™°nd, CA) and pulsed once at o-c using 4 w, Da rall.) " 
resistor 25 uP 1 as m w . parallel 

»F, 1.88 KV, which gives a pulse length (r) of 
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* A 10 Ml aliquot of the pulsed cells are diluted 

xnto »i soc (98 m i s SOB plus 1 ml of a „ „ gc i 2 and X ml of 
2 K glucose, in a 12- x 75-™ culture tube, and the culture 
is shaken at 37 -c for l hour prior to culturin, in 
selective media, (see below) . 

Each of the libraries are cultured using methods known 

Sanb 0 ro e I : 1 " 3rt - SUCh Mth ° dS be i» 

sanbroox et al.. Molecular cloning: A Laboratory Manuel, 

cold spring Harbor Laboratory, cold Spring Harbor, 1989 
and in Ausubel et al., current Protocols in Molecular 
Biology, John Wiley and Sons, New York, 1989, both of which 
are incorporated herein by reference. Briefly, the above 
1 ml library cultures are grown up by diluting 50-fold into 
XYT Medra (i« g tryptone, lo , yeast extract, 5 g Naci, 
and culturing at 37-c for 5 . 8 hours . ^ 
pelleted by centrifugation at 10,000 x g. The supernatant 
containing phage is transferred to a sterile tube and 
stored at 4'C. 

Double strand vector DNA containing He and Lc antibody 
fragments are isolated fro- the cell pellet of each 
library. Briefly, the pellet is washed in TE (10 mM Tris 
PH 8.0, l « EDTA) and recollected by centrifugation at 
7,000 rpm for 5. in . Sor val centrifuge (Newtown, CT) . 
Pellets are resuspended in 6 mis of 10* Sucrose, 50 mM 

ini!; Z a '°; 3 "° ot 10 B9/ * 1 iyso ^ e ls — 

incubated on ice for 20 Minutes. 12 mis of 0.2 M NaOH, 1% 
SDS is added followed by 10 minutes on ice. The 
suspensions are then incubated on ice for 20 minutes after 
addition of 7.s mis of , „ NaOAc, P H 4.8. The sample, are 
centrifuged at 15.000 rpm for 15 minutes at 4 -c, BNased ami 
extracted with phenol/chlor form, followed by ethanol 
precipitation. The pellets are resuspended, weighed and an 
equal weight of Cscl, is dissolved into each tube until a 
density of 1. 60 g/ „ X is achieved . £tBr u ^ ^ - 

W/ml and the double-stranded DNA is isolated by 
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equilibria centrifugation in a TV i 

-,000 rp m for 6 hQurs ^ ^ * ™Tf (SOrVal) ^ 

left half sublibrary are used t **** 3nd 

in which tne righ T T^V;! 6116 "- *«* lH«rl« 

oligonucleotides have been r ando ^ 

een ra ndomly joined together. 

==ntainin g port! Tm 3«L P0I l i0n ° f M " IX3 ° With «- - 

u. rary aas dlgested : ^ « el ;i° rr soiated fron 

restriction enzyae Th. r SXCeSS amount <* 

«ith Hind in. ^ e J"*^ ,5 Hg) i. dlgested 

«- X. Tne reactions P ° PUlatl ° n is «^«ed with 

-action ^ZZt^ZZT^TT 0 ^ 
are washed in 70* ethanol ecl P ltat "n. The pellets 

— and the reactions iLStTT^ £TT' " 

Reactions are stopped bv h«H minutes. 

-e HC and te ^ £^ " '« » 

n, each vector,,! and allo!ed to ann <" » 

overnight. The nix ture L e lA ** ™" 

as described above ^ectroporated into MK30-3 cells 
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« xtTbiI™ r 8 a u. a ( r ;j a r r r ' d trM 50 - 

been i„ f ected at a » o " T'lo^ ^ 
stored at 4-c. th. **" 0,6 P ha ' e st «*» 

supernatant. re^ee^T^" *"* 2 IPK - 

>»» are ^t^^^^T^T 1 -' - «" 

central: 90 JS^^. ? * * 

are resuspended in ». - ±",ooo x g. p hage pellets 

^ ea ln 25 ml of 0.01 M Tri<5-»™ „ - 

EDTA, and 0.1% Sarkosyl and L ' PH ? * 6 ' 1 '° 

temperature for 30S Sl ° Vly at ro °* 

30 ffli nutes. The solutions are adjusted to 
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0.5 M NaCI and to a f<«»i 

,1,001. , fter a u n i?r e r tion of 5% 

the pbage are recovej by ^^f 6 "^'"" C "*«^ 
5 MET buffer (o.i „ Mel " o - " " SUSPended ln 10 1 °* 

centrifugation at 1?0 ; 00 an x d the "Pelleted by 

pellets are resus De „d.H ■ ^ P ha 9 e 

subjected to cesiL If T"** *" * * °' NET bU " er and 
io no,ooo x , , aH oT° ° entri ^""" <« IB hours at 

p hage ban / s Liii:::z:Ti ii& in 10 ni ° £ buffer >- 

recentrifuged at 17 ^ ^ « 

stored at 4-c in 0 t, „ resus P en ^. snd 

sodiu* azide. °' bU "« ""aining „.! „■ 

inactivated ITZlTt ■ b " ort - a * ai -* 0V- 

reagents « '^J?" 0 - 

2-4 ■> solid ™c ^ethylfomaBide at a ratio of 

» (MctinLd nr^r <suifosucc iniBidn 2 - 

II) to i Dl ^ ^opropxonate, Pierce, PocWord, 
»anufacturer. slTsoTe re f " r —-— * «- 
»lxing 1 « dissolved Xr^": T^ 1 ^ * 
diluted in sterile m I 1,1 ° f 1 ,ng '" nl ■» 

» ..«. '-terT ou r r?t°Ts*c bU£fer H NaHC ° ! ' PH 

-gent is reacted Z^, % TT^TT^ 
adjusted to 9 with w,, , • e «"»>°la»ine (pH 

entire sample is TiXutei » hours, *. 

30 filter (toicon), and washed on t h Centricon " «"»- 

with 2 ml tbs »*h Sa " e fllter th"* «■« 

«~ ^^rrirr^ (see beiow,! - 

v,^*.^ , ' stored at 4 »c nnp 

biotinylated with the HHs-ss-m o«h 

» -tin via a V-mJZZZ^ZT* " ^ * . 
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UV-irradiated M13 p hage are used for blockino 

xn general. M13mp8 (Messing and Vieira Gen* ^ a , 
(1982} uh ^K • vieira, Gene 19: 262-276 

(1982), which is incorporated herein by reference) is 
5 chosen because it carri« ^ - fB «rence) is 

that th. f \ r mutations ' which ensure 

the su. 7 ^ SUrVlVing imdiat -n win not grow in 

Horary. a 5 ml sample containing 5 x 10 13 Ml3,nn« «k 

puri, ied describ6d ^ is ^» r^Vpt:; 
wc^rrr 3 uith a 9eraicidai ^ " * 

to 0 o " a°d oh <flUX " W/CT »• is 

and Phage particles concentrated to 10" 
part 1C le S/B l on . Centricon 3^ » 

u witn l ml of l mg/ml of streptavidin ( BRLi i« n t 
« HaHCO, p« ...-,.„» Na „ 5 in a SM11 , L-ti ht p" t i c b« 
overnxght in a cold roon. The next day streptavtdin Is 

;:r:: r? epuced uith •* i - st 10 " ^^1: 

». - ^TJ-TL"' - « -CO, p H 

and mcubated at least l hour at rooe, 
teaperature. The bl ocKin, solutio „ u ^ «- 

are washed ra pi d ly three ti.es with Trie buffered Lu" 
centering c.s* Tween 20 (TBS-0.5* Tween M ) . 

25 bind ™T°° °* ^ eXP "" in9 fragments which 

— — « u w t=iat 5 e°d t.rr,r r «r 

diluted with l ml TBs-n » ^ 9nI " 4 c ' 

Htr^^^r T8s -°- 5 * T»««> 20, and transferred to « 

streptavidln-coated oatr-l „i.». 

30 above After - v. Prepared a. described 

unboL h 9 " DinUteS at roo » tenperature. 

unbound phage are reeved and plates washed ten ties with 

Piece r 20 ° Ver 3 P6ri0d °* 3 °- 90 "*»*— Bound 

buffer U PlatM Wlth 800 * 

35 glycerol forTs ?' ^ * PH ad5U " ed 

glycerol) for 15 ainutes and eluates neutralized with 48 «i 
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2 M Tris ( P h unadjusted). A 20 ul ™^ 

i- * Ml Portion of each eluate 

Ml of f lrst eluate froa the library with 5 mM DTT for 10 

-mutes to breaK disulfide bonds i inking biotin^roups ^ 

res.dual Motivated binding proteins. The treatld eLte 

is concentrated on a Centricon 3 0 ultraf liter ,i 

washed three ti.ee with TBS-0.5* Tween 20 and 

10 to a final volume of about 50 T «' T """^"^ 
. ^ uoul 30 Ml. Final retentate is 

transferred to a h^ a „ ^ . . Le 1S 

to a tube containing 5.0 ul f 2 7 ua nnpt 
blocked biotinylated BDP * n * ■ \ 9 } 

y eQ BDP and mcubated overnight. The 
solution is diluted with l ml tbs-o -h. 

and luted .s described ^^"^L^^ 

^rwith r ;;r rr (8o ° * ia 

M Tris, and 20 ul is titered 
simultaneously with the first eluate and dilutions of "e 

bTperfoId t r eSSary ' fUrthEr ° f -» 

20 Aodft , " h -°«««»» Populations of phage. 

a a r rr =an ba piaque purmed if « 

available for detection. 

Template Pmwratlnn Segu^ncjjg 

a 1 ITit? *? PreParKl f ° r SB ^ enci ^ «V inoculating 
25 ovemtr T **" COntainin 9 • *«M0 dilution of J 
ZT ti T °* ** With " ^^tdual plaque fro. the 

ter 1 toT "v i0n - PlaqUM "~ ^ -in, a 

sterile toothpic*. The culture is incubated at 37-c for 5- 
. hours with shading ln d then transferred to a 1.5 L 
»icrofu,e tube. 200 Ml of „ s solutio „ u * 

« MT"" PlaCSd ° n iM f ° r 10 The phage 

at L oT 6 U f r6COVe " d -^ifugati „ „ , micr0 fuge 

and^n T 5 BlnUtM - 1,16 "P-™*"* is discarded 
and the pellet is resuspended in 220 Ml of TE (10 mM Tris- 
HC1. PH 7.5, 1 « EDTA) by gently p lpetlng vith a 
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pipet tip. Phenol (200 ul) is *hh 0 w 

1 MiJ is added, followed by a brief 

I "I" iiCr ° fU9ed ^ SeP "" e ^ aqueou 

!l o f r f£rred " 3 "^"^ **' - d Erected ui th 
200 Ml of phenol/chloroform (1:1) as described 

^ir r raction - a °- 1 v ° iume ° £ 3 » i- a«L 

precipated at -ao'C for 20 minutes Th= 

templates ate recovered by centrist! In , . PreClpated 
nnn y cenc *"Ugation in a microfuae at 

1^000 x g for 3 minutes . ^ J- « 

10 ethanol dried and resuspended ^ „ « ™ 

petfood using a Sequenase" sequencing Kit foUowi^ the 

EXAMPT,f| u 

15 £L °ning of n.,v» aDd-iighi; c hain asa aansaa 

wi thout sassrlsUaa -t p v»« m^ .^-. 

This example shows the simultaneous incorporation of 
20 elnuouaser °< 

For the simultaneous incorporation of heavy and light 
TZZ?^ lnt ° 3 Sin ' le -^"sslon vector! 

lioht Z \ Pr ° dUCed *■»' contai - d h«vy and 

light chain encodimg sequences for a mouse monoclonal 

In £2 ( r i8H4f Bl0Sit6 ' SM «>• «- in..^.. 

antibody fragment sequences are used as complementary 
sequence, for the hybridization and incorporation of He zZ 
eLodToT 7 Site - direCted genesis. The genes 
30 TrTlZ , T Md U9ht Polypeptides were 

30 inserted into M13i«0 <seq id „o: i, and M13IXU (SE Q id 

NO. 2, respectively, and combined into a single surface 

m™ T V,Ct0r " dMCribed in ^ "sultant 

M13IXHI,-type vector is termed M13IX50. 
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The combinations were r,o»-^ 

int0 a mlana circulari2ad ve ;; o ;= « - - - lf 

generated between the pairs ^ Z overhangs 

„ lth MXU r 1 :; ; f in es s ct i:: sites a,tar 

digestion are unequal (. e «a , "onuclease 
nudeoti.es,. The« J ema Y lenoth P ° M 

hybridization t.»per«u~ fo , ' J*™" ^ «"'««"tUl 

— a :r /ai Tect"; ann r ing ° f tte 

hybridation , t eich end Qf J"-"* 

(about 100 „ /M i, to torB a diB I r a o Vone „ " V ° 1UBe 
one Lc veotor half ^ " ha " and 

"luting the nature (to ^ t ci "^«"ed by 

te-perature to about .t^c" "* "» 

« ~ to -^^^.ET^^ 

M 'C0*CC SItC5 , * oligonucleotide 5-- 

30 described in nip" ? Te^ *° M131X5 ° 0,131X04 
duplicated in oii/onucl otide o^ 7 "TT" 
This sequence, S'TTACCG-S • „. deleted °° BpleBent 
the oliqonucleotide 5.-4^^™ «•*»»■ 

» "0= 70,. xhe resulta„ITe«=r weH ! AGTGCCAG " 3 ' <SEQ 

vector was designated M13IX53. 

M 13IX 53 can be produced as a single stranded for* and 
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contains all the f„«^4 

.sc ribed ^ ~°r x e ; le rr it of d the previousi * 

functional antibody hetero^" ^ ■ eXPreSS 

oan be hybridi2ed l pop ;;; t r ons ^ e ^-^e* — 

s u, enoo ding sequence p s r. ir in ^r: randsd hc and 

vector by mutagenesis ■> , ! lnoo T oratl °n into the 
ana Lc enc= dl n g seances Il: b 0nS rf ° f Si ^— «c 
the art from the £ ^ * ~ *» 

other methods Known to one skill", " P * " " y 
» and teachings deslr^l^ £ ^ 

c Propagated and screenpH j 
oinding specificities as described J« desired 

other vectors similar to M13IX53 .„ H 
15 derived from, H13XX11 and M13IX3 h " I , k 

for the incorporation of He aL L Pt8 *— ' 

without restriotion in encoding sequences 

^c^ciTic'cion. in contrast to mi^tyc^ 
contain human antihoH V M13IX53, these vectors 

^0 and Lc sequences ^^^^ nc 
below The JT~- °" bri8fl * ^"ibed 

(H 3IX30, \k 9 Ve ° t0rS Ue " elth « 'he He ' vector 

(M13IX30, or the !c vector (H13IX11, previously described. 

M131X32 was generated from M13IX30 by removing the six 
nucleotide redundant sequence 5 ' -TTACCG I „ ^ T 
25 and mutation of the leaL- „ 3 ^""'^ 

of the product. L 0 l! t0 inCreaM SeCre " 0n 

redundant sequenced ^"^"^ — to remove the , 

station inL Lder aa e " 9iVe " ^ 

cue leader sequence was generated usina the 

.0 ~n 0t ": : ' GG ™ C --— ■ • -is mutaglsU 

STttr.T^r at position 6353 ot Hi3ix3 ° 
.ntibo^t:;r:: e wa r? tor a£finity ™" i ° n - 

frame at the ? k lncor P°™ted in the proper reading " 

at the carboxy-terminal end of the He expression sit! 
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m M13IX32. The oligonucleotide used for this ffiU ta C 

designated M13IX33 ^ resultant vector was 

vj nj.jj.Aj j. Modifications to thi<? r,*- 
5 are envisioned which include various^* ! 

skilled in the art. For eMm ,„ f " tu «« known to one 

can oe incorporated Luo^ 

-owe the antibodv .o Z Z^Z^ * 
Portion of the fusion protein. VI " 

10 M13K34 ,seq ID N 0: 3, was created fron „ l3IX33 h 

codon was int. 7 T 9100 ^ Changed and a -top 

" was introduced to ensure * 

72) • The complete nucleotide sequence of thf . 1 ?' 
shown in Flgure 4 (S£Q 1D N0; 3) qUMCa of *«tor is 

Several vectors of the miitvh 
20 generated to contain als ° 
Scribed for JTZ^^?^ ~ 

=;is re5i ° n ln ™ ~- - the ^ 

73). A huaan kappa u<, h t „ 1 w lu MO- 

MWIXK and the variable ( "** ° l0ned 

tne variable region subsequently deleted r 
generate M13IX13 (SEQ ID „ * nuy dieted t 

sequence of this vector " J . nuoleoti ' ie 
" 4,. A sinilar vlt r desT ' <MQ " - 

generated i„ whichlhe' h dMi9n " ted M13IX "' — 
inserted into Mi™. T', T 1 ™ W " " 9ht ~ 
region ^e oM , " * d " letl ° n o£ **• liable 

3= CTCATCAGATGGCGGGAAGAGCTCGCCCATGGCTGGTTC-3 * ^ ^ 
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iu no. 75), respectively. 

_The He and i* vectors or modified forms thereof can be 
combined using the methods described in Exammie r T 
5 Produce a single vector similar to ^t^^ the" 
efficient incorporation . of human He and Lc encodlna 
seances by mutagenesis. to exaaple of such ^ 
the combination of M13IX13 with M13IX3 4 J 
nucleotide seguence of this veclr „T 3IX6 o T^f 
10 Figure 6 (SEQ ID NO: 5). "131X60, ls shown in 

Additional modifications to anv of f ha 
described vectors can also be performed to 

which allow the efficient Perf0rmed to derate vectors 
expression of T " iClent ««*Porat:ian and surface 
expression of He and Lc sequences p«>- 

15 alleviate the use of uracil ^!!!" eXa * Ple ' t 

fc^m**. ■ uracil selection against wild-type 

template during mutagenesis procedures, the variable region 
locations w^in the vectors can be substituted by a lel of 
palindromic restriction enzyme sites ( i e - 
sites ,' n „„„ - sites (i.e., two similar 

sites m opposite orientation) . The n*n„* 

tn i ine palindromic sites win 

20 loop out and hybridize together duri™ ^ 

thus form a douhle-stranded h -^agenesis and 

aouuie stranded substrate for restriction 
"ease digestion. cleava ge of tbe site results n 

25 affecr J « lnSerted HC ° r ^ ~W-»c- will not be 
25 affected since tbey will be m single ^ 

or J^ulat! aeth ° d " °' ZXMP1 * "^le-strandea He 

to™ r/ T "* Pr0duced » variety cf method. 

Jcnovn to one skilled in the »r-t- 

primers deso^v, ^ , F ° r exaffl Ple> the PCR 

primers described in Example i ca „ k« „ ^ , 

30 PC* to derate sucb „L«LT «t£ et T"^ 
Protocols: A Guide to Hetbods and ^ 'J^ 

re^rence T' ' ""^ ^ ^rein by 

— :- srj. sLVst- :;r do-: ' 
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stranded template. Such differential ^ 
accomplished by decrease n„ "Pancation is 

J • decreasing the primer amount for tho 

undesirable strand about 10-fold M „ 

desirable strand Alt "° ^ f ° r the 

a< Alternatively, sinale-stranHoH 

populations can be nrnH,„ a , * - single stranded 

Drodurre 6 P roduced from double-stranded PC R 

Products generated as described in Example I except that 
the primers, used to generate the undesirable strand " 
he double-stranded products is first phosphorylated at its 

ltj^ resuitant products - - :: 

a to 3« exonuclease, such as i am M a 
exonuclease (BRL f Bethesda Mm «.« „ • J 

strand. ^tnesda, MD) to digest away the unwanted 

. «, h^ 11 ! 1 e ' Stranded HC and Populations generated by the 
methods described above or by others fcnown to one s Jl d 

loZ Tn IT hybrldi2ed , to complementary seguences 
encoded i„ the previously described vectors The 

unie stranded form of the vector by polymerase 
extension of the hybridized t „„„ polymerase 
.„w„. Yoriaized templates. Propagation and 

2 ""~«<» of the randomly combined He and Lc 

sequences are performed as described in Example I. 

Although the invention has been described with 
reference to the presently preferred embodiment, it shou^ 

St£Tn« ttat V " iOUS BOdi "="l™ =an b. mao 
without departing , ro . the spirit of the invention 

Accordingly, the invention is limited only by the claim. 



